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1. 

APPARATUS AND METHOD FOR 
MEASURINGVIBRATION 
CHARACTERISTICS 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application claims the priority of Japanese Applica 
tion No. 2011-101422, filed on Apr. 28, 2011, the entire 
specification, claims and drawings of which are incorporated 
herewith by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a vibration characteristic 

measuring apparatus that measures vibration characteristics 
of a rotational shaft of a rotating machine like a multi-stage 
centrifugal compressor and a vibration characteristic measur 
ing method. 

2. Description of the Related Art 
A multi-stage centrifugal compressor, which is installed in 

a petroleum field, a natural gas plant, and a petrochemical 
plant, etc., and which compresses a compressible fluid. Such 
as hydrocarbon or carbon dioxide gases, rotates centrifugal 
impellers of multi-stages along with a rotational shaft, and 
compresses the compressible fluid by centrifugal force. 

Sucha multi-stage centrifugal compressor is provided with 
a sealing mechanism that has an annular sealing member 
around the axial line of the rotational shaft so as to suppress 
the leak of the pressurized fluid from each stage of the cen 
trifugal impeller. 

According to the sealing mechanism of the multi-stage 
centrifugal compressor, the instability factor due to the leak 
and flow of the pressurized fluid occurs, which affects the 
stability of the rotational shaft and the centrifugal impeller. 
That is, when the instability factor exceeds the stability factor, 
self-induced vibration so-called seal whirl occurs. 

That is, it is important to design the rotating machine so as 
to have larger stability sufficiently than instability generated 
at the sealing mechanism. In order to do so, it is necessary to 
measure the vibration characteristics of a rotating body 
including the rotational shaft to find out the characteristics 
thereof, and to evaluate the stability based on the measured 
vibration characteristics. 

For example, JP H05-5057 B discloses a technique of 
applying a vibration to a bearing, and analyzing the vibration 
generated by a rotational shaft due to the former vibration, 
thereby measuring the vibration characteristics of a rotating 
machine in operation. Also, Pettinato, et al., “Shop Accep 
tance Testing of Compressor Rotordynamic Stability and 
Theoretical Correlation”,39"Turbo Machinery Symposium, 
Texas, 2011, p.p. 31-42 discloses a technique of attaching an 
active radial magnetic bearing to an end of a rotational shaft 
of a compressor, Supplying an excitation current to the mag 
netic bearing to apply vibration to the rotational shaft, thereby 
measuring the vibration characteristics of the rotational shaft. 
The above-explained two techniques are to apply vibration 

to a rotating rotational shaft, measure the vibration (an ampli 
tude and a phase) of the rotational shaft, thereby measuring 
the vibration characteristics of the rotational shaft. 
When the vibration characteristics of a rotating body like 

the rotational shaft is measured in this manner, in order to 
obtain high-quality data with little variability, it is preferable 
that the amplitude of the applied vibration should be large. By 
increasing the vibration amplitude of the rotating body 
excited by the applied vibration, the S/N ratio of a signal 
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2 
output from a sensor measuring the vibration is improved, 
and thus high-quality data indicating the vibration character 
istics can be obtained. 
On the other hand, when the vibration amplitude of the 

rotating body is increased by the applied vibration, if it 
exceeds an allowable value set as a designed value, for 
example, the rotating body contacts the sealing mechanism, 
and the sealing member of the sealing mechanism is worn out. 
Hence, it is necessary to apply vibration within a range where 
the vibration amplitude of the rotating body does not exceed 
the allowable value. 

However, the rotating body of the rotating machine is 
vibrated within a range where the vibration amplitude does 
not exceed the allowable value in the normal rotation due to 
an unbalanced weight, etc. Accordingly, the amplitude of the 
vibration that can be excited by applying vibration to the 
rotating body is restricted within the range of a margin from 
the amplitude of the vibration at the non-excited condition to 
the allowable value. In other words, the vibration excited by 
the applied vibration at the rotational shaft is restricted and 
small, and thus the S/N ratio of a signal output from the sensor 
measuring the vibration becomes poor. Hence, the quality of 
data (data indicating the vibration characteristics of the rota 
tional shaft) obtained based on Such a signal deteriorates. 

For example, when the quality of obtained data is poor, 
vibration analysis can be made by largely increasing the 
number of data to be obtained and averaging those pieces of 
data. 

However, when the large numbers of data are obtained for 
averaging, it takes a long time to obtain the large numbers of 
data and the number of process steps is increased. Also, the 
operation time of the rotating machine and the time for apply 
ing vibration become long in order to obtain the large num 
bers of data, resulting in the increase of energy consumption. 

Therefore, it is an object of the present invention to provide 
an apparatus and a method for measuring vibration charac 
teristics which can vibrate a rotating body without exceeding 
an allowable value when measuring vibration characteristics, 
and which can obtain high-quality data without increasing 
energy consumption. 

SUMMARY OF THE INVENTION 

In order to achieve the above object, an aspect of the 
present invention provides an apparatus for measuring vibra 
tion characteristics, including: a magnetic bearing that gen 
erates a magnetic force on a rotating body of a rotating 
machine in a non-contact manner; a measuring device that 
measures an vibration amplitude when the rotating body is 
vibrated; a current Supplier that Supplies a current to the 
magnetic bearing; and an excitation controller which outputs 
an excitation control signal for controlling the magnetic bear 
ing to apply vibration to the rotating body, and which mea 
Sures a response characteristics of the vibration of the rotating 
body to the excitation control signal based on the vibration 
measured by the measuring device. The excitation controller 
outputs a rotating body control signal obtained by adding a 
vibration eliminating signal to the excitation control signal 
for the magnetic bearing to eliminate unbalance vibration 
generated when the rotating body rotates when the response 
characteristics is measured, and the current Supplier Supplies 
a current that generates magnetic force in accordance with the 
rotating body control signal to the magnetic bearing. Also, the 
present invention provides a method for measuring vibration 
characteristics by the above-explained vibration characteris 
tic measuring apparatus. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a schematic configuration diagram showing a 
multi-stage centrifugal compressor provided with a vibration 
characteristic measuring apparatus according to an embodi 
ment of the present invention as viewed from a side; 

FIG.1B is a schematic view showing a magnetic bearing of 
the vibration characteristic measuring apparatus and a rota 
tional shaft of the multi-stage centrifugal compressor as 
viewed in a direction A; 

FIG. 2A is a diagram modeling unbalance vibration of the 
rotational shaft; 

FIG. 2B is a diagram for explaining a margin from a vibra 
tion amplitude of the rotational shaft to an allowable value: 

FIG.3 is a diagram showing functional blocks of the vibra 
tion characteristic measuring apparatus; 

FIG. 4A is a diagram showing a vibration amplitude in an 
X-axis direction of a rotational shaft when a vibration is 
applied by a conventional vibration characteristic measuring 
apparatus; 

FIG. 4B is a diagram showing a vibration amplitude in an 
X-axis direction of a rotational shaft when a vibration is 
applied by the vibration characteristic measuringapparatus of 
this embodiment; 

FIG. 5 is a diagram for comparing a margin from a vibra 
tion amplitude of a rotational shaft to an allowable value of 
this embodiment with that of a prior art; and 

FIG. 6 is a functional block diagram of a vibration charac 
teristic measuring apparatus provided with an applied-vibra 
tion control device having an applied-vibration signal 
breaker. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

An embodiment of the present invention will be explained 
in detail with reference to the accompanying drawings. 
As shown in FIG. 1A, a vibration characteristic measuring 

apparatus 1 of this embodiment is attached to a rotating 
machine like a multi-stage centrifugal compressor 50 and is 
capable of measuring vibration characteristics of a rotating 
body including a rotational shaft 51, a centrifugal impeller 53, 
etc. of the multi-stage centrifugal compressor 50. 
The vibration characteristic measuring apparatus 1 of this 

embodiment can be applied to not only the multi-stage cen 
trifugal compressor 50 but also a rotating machine (e.g., a 
turbine, or a motor) having a rotating body like the rotational 
shaft 51, but the following explanation will be given to an 
example case in which the vibration characteristic measuring 
apparatus 1 is attached to the multi-stage centrifugal com 
pressor 50. 

The multi-stage centrifugal compressor 50 employing the 
configuration shown in FIG. 1A Successively compresses a 
compressible fluid like a gas by the centrifugal force of the 
centrifugal impeller 53 rotating together with the rotational 
shaft 51, and the rotational shaft 51 is rotated and driven by a 
drive source (e.g., a motor) (not shown). 
The centrifugal impeller 53 is provided in the axial direc 

tion of the rotational shaft 51 in a multi-stage manner, rotates 
together with the rotational shaft 51, compresses the fluid 
suctioned from the center (at a side of the rotational shaft 51) 
and discharges the pressurized fluid from the outer periphery 
by the centrifugal force. 

The rotational shaft 51 is supported by a plurality of bear 
ing members in a freely rotatable manner. For example, the 
rotational shaft 51 is supported in the radial direction by 
bearing members 52a and 52b provided at two locations so as 
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4 
to hold the centrifugal impeller 53 therebetween in the axial 
direction. Also, a bearing member 52c that supports the rota 
tional shaft 51 in the axial direction restricts the displacement 
of the rotational shaft 51 in the axial direction. 
The rotational shaft 51 is supported by the plurality of 

bearing members 52a to 52c in a freely rotatable manner in 
this fashion. 
The centrifugal impeller 53 is housed in a housing 54 that 

is a static body, and the centrifugal impeller 53 provided in the 
multi-stage manner compresses the fluid taken in from an 
inlet 54a and discharges the compressed fluid from an outlet 
54b. 

Hereinafter, a structure which includes the rotational shaft 
51 and the centrifugal impeller 53, and which rotates together 
with the rotational shaft 51 is collectively referred to as a 
"rotating body in Some cases. Also, a structure (e.g., the 
housing 54) that stands still against the rotating body is col 
lectively referred to as a “static body' in some cases. 

According to the multi-stage centrifugal compressor 50 
employing the above-explained configuration, when the fluid 
taken in from the inlet 54a of the housing 54 is discharged 
from the housing 54 without passing through the centrifugal 
impeller 53, the pressurized fluid is discharged from the outlet 
54b in an uncompressed condition, and thus the compression 
efficiency of the multi-stage centrifugal compressor 50 
decreases. Hence, in order to improve the compression effi 
ciency, a sealing mechanism 55 that seals a space between the 
housing 54 (the static body) and the rotational shaft 51, the 
centrifugal impeller 53 (the rotating body) is provided as 
needed. 
The sealing mechanism 55 is provided so as to seal the 

space between the housing 54 and the centrifugal impeller 53 
in Such a manner so as to prevent the pressurized fluid from, 
for example, flowing through the space between the centrifu 
gal impeller 53 and the housing 54 from the inlet (the inlet— 
54a side) of the centrifugal impeller 53 to the outlet (the 
outlet 54b side) thereof. 

Sealing mechanisms 55that seal respective spaces between 
the housing 54 and the rotational shaft 51 are provided at both 
ends of the centrifugal impeller 53 in the axial direction. 
The sealing mechanisms 55 provided as needed include a 

sealing member (not shown) that forms a minute clearance 
between the static body and the rotating body, and Suppresses 
a flow of the pressurized fluid. 

Also, by forming Such a clearance, for example, the sealing 
member of the sealing mechanism 55 of the static body can be 
prevented from contacting the rotating body, and thus the 
worn-out of the sealing member is Suppressed. 

Note that FIG. 1 shows a configuration that the static body 
(the housing 54) has the sealing mechanisms 55, but the 
rotating body (the rotational shaft 51 and the centrifugal 
impeller 53, etc.) may have the sealing mechanisms 55. Also, 
the static body other than the housing 54 may have the sealing 
mechanisms 55. 
The rotating body including the rotational shaft 51 and the 

centrifugal impeller 53, etc., has an uneven mass in the cir 
cumferential direction and produces minute vibration (unbal 
ance vibration) at the time of rotating. 
When the mass of the rotating body is uneven in the cir 

cumferential direction, as shown in FIG. 2A, the rotating 
body can be modeled so that a point in the circumferential 
direction becomes the concentrated point of the mass (a mass 
concentrated point G). When the rotating body having the 
mass concentrated point Grotates, the centrifugal force acts 
on the mass concentrated point G and the rotating body is 
pulled outwardly, and thus the rotating body displaces toward 
the mass concentrated point G. Such displacement Succes 
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sively occurs together with the rotation of the rotating body, 
and thus unbalance vibration occurs. 

Magnets 12X, 12Y (see FIG. 2A) of the magnetic bearing 
12 of the vibration characteristic measuring apparatus 1 (see 
FIG. 1A) are provided so as to generate a magnetic force on 
the rotational shaft 51 in a non-contact manner. 
As explained above, since the rotating body produces 

unbalance vibration, the sealing mechanism 55 of the static 
body preferably has a clearance so as not to contact the 
rotating body when such unbalance vibration occurs. How 
ever, when the clearance becomes large, the sealing perfor 
mance that suppresses the flow of the pressurized fluid 
decreases. 

Hence, the unbalance vibration of the rotating body is 
always monitored and the operation of the rotating body is 
managed in some cases so that the amplitude of Such unbal 
ance vibration does not exceed a predetermined allowable 
value. 

According to a rotating machine like the multi-stage cen 
trifugal compressor 50 (see FIG. 1A), in order to evaluate the 
stability of the rotating body relative to the characteristic 
vibration mode, it is necessary to measure the vibration char 
acteristics for measuring the response character of the lateral 
vibration produced at the rotating body as vibration charac 
teristics. 

The stability of the rotating body relative to the lateral 
vibration can be evaluated by applying vibration to the rotat 
ing body, and measuring the response characteristics of the 
vibration of the rotating body produced by the application of 
the vibration. 

Hence, to evaluate the stability of the rotating body relative 
to the lateral vibration, the rotating body is forcibly vibrated, 
i.e., vibration is applied thereto, an amplitude and a phase of 
the vibration of the rotating body at this time are measured, 
and the response characteristics of an output (the actual vibra 
tion of the rotating body) relative to an input (the vibration 
applied to the rotating body) is measured. 
As shown in FIG. 1A, the vibration characteristic measur 

ingapparatus 1 according to this embodiment can be attached 
to the multi-stage centrifugal compressor 50, applies vibra 
tion to the rotating body in order to evaluate the stability of the 
rotating body relative to the lateral vibration, and measures 
the vibration (the amplitude and the phase) of the rotating 
body to which the vibration is applied, thereby measuring the 
response characteristics of the vibration. 

Hence, the vibration characteristic measuring apparatus 1 
includes the magnetic bearing 12 that applies vibration to the 
rotational shaft 51 and a measuring device (a displacement 
sensor 13) that measures the vibration amplitude (a displace 
ment) of the rotational shaft 51. 
The magnetic bearing 12 includes the magnets 12X, 12Y 

(see FIG. 1 B), and has the primary function as a bearing to 
Support the rotational shaft 51 in a non-contact manner by 
magnetic force generated by a current Supplied to coils (not 
shown). 
As shown in FIG.1B, aYaxis is set in the vertical direction 

(a second direction) on a plane having the axial line of the 
rotational shaft 51 as a normal line and an X axis is set in a 
horizontal direction (a first direction) orthogonal to the Y axis. 
According to this setting, the X-axis direction (the first direc 
tion) is a direction orthogonal to the axial line direction of the 
rotational shaft 51 (the rotating body), and the Y-axis direc 
tion (the second direction) is a direction orthogonal to the 
axial line direction of the rotational shaft 51 and the X-axis 
direction (the first direction). 
As shown in FIG. 1B, in a coordinate system having the 

rotational center of the rotational shaft 51 as an origin O, the 
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6 
magnetic bearing 12 has the magnets 12X disposed so as to 
hold the rotational shaft 51 therebetween in the horizontal 
direction over the X axis, and has the magnets 12Y disposed 
so as to hold the rotational shaft 51 therebetween in the 
vertical direction over the Y axis. The gap between the rota 
tional shaft 51 and the magnet 12X can be adjusted by con 
trolling a current Supplied to the magnets 12X, and the gap 
between the rotational shaft 51 and the magnet 12Y can be 
adjusted by controlling a current Supplied to the magnets 12Y. 

Furthermore, by Successively adjusting the gap between 
the rotational shaft 51 and the magnet 12X, the rotational 
shaft 51 can be vibrated in the X-axis direction, and by suc 
cessively adjusting the gap between the rotational shaft 51 
and the magnet 12Y, the rotational shaft 51 can be vibrated in 
the Y-axis direction. The magnetic bearing 12 can apply 
vibration to the rotational shaft 51 in this manner. 

For example, when a cosine-wave current is Supplied to the 
magnets 12X So as to periodically adjust the gap between the 
rotational shaft 51 and the magnet 12X, and a sine-wave 
currentis Supplied to the magnets 12Y so that the gap between 
the rotational shaft 51 and the magnet 12Y is adjusted to have 
the same period but the shifted phase by 90 degrees to the gap 
between the rotational shaft 51 and the magnet 12X, vibration 
can be applied to the rotational shaft 51 so as to vibrate in a 
circular motion around the axial line. 
The displacement sensor 13 shown in FIG. 1A includes, for 

example, an X displacement sensor 13X that measures a 
displacement of the rotational shaft 51 in the X-axis direction 
caused by vibration and a Y displacement sensor 13Y that 
measures a displacement in the Y-axis direction, and the 
vibration displacement of the rotational shaft 51 can be mea 
sured based on the displacement in the X-axis direction and 
the displacement in the Y-axis direction. The kind of the 
displacement sensor 13 is not limited to any particular one, 
but an eddy current type that can measure the displacement of 
the rotational shaft 51 in, for example, a non-contact manner 
is available. 

Conventionally, the vibration characteristic measuring 
apparatus 1 is configured to apply vibration to the rotational 
shaft 51 through the magnetic bearing 12 when the rotating 
body is, measure the displacement in the X-axis direction of 
the rotational shaft 51 and the displacement thereof in the 
Y-axis direction through the displacement sensor 13, and 
measure the vibration displacement of the rotational shaft 51. 
At this time, since the rotating body is, the above-explained 

unbalance vibration occurs. Hence, when vibration is applied 
to the rotational shaft 51, in addition to the unbalance vibra 
tion, the vibration (hereinafter, referred to as forced vibration) 
due to the application of the vibration occurs, and the ampli 
tude of the rotating body increases. 
As explained above, in order to Suppress a contact between 

the sealing mechanisms 55 of the static body and the rotating 
body, it is necessary that the vibration amplitude of the rotat 
ing body should be smaller than the predetermined allowable 
value. Hence, a vibration amplitude corresponding to the 
margin from the amplitude of the unbalance vibration to the 
allowable value can be input to the rotating body at which the 
unbalance vibration occurs. 

In other words, the magnitude of the forced vibration by 
application of vibration is restricted. That is, as shown in FIG. 
2B, with reference to the amplitude of an unbalance vibration 
V1, it is necessary to Suppress the amplitude of a forced 
vibration V2 within a range of a margin (a first margin) from 
the reference vibration amplitude to the allowable value. 

Hence, the vibration amplitude of the rotational shaft 51 
caused by the forced vibration becomes small, and the S/N 
ratio of the signal (a displacement signal) which indicates the 
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displacement of the rotational shaft 51 and is output from the 
displacement sensor 13 becomes poor. 

Therefore, the vibration characteristic measuring appara 
tus 1 of this embodiment applies vibration with a large ampli 
tude to the rotational shaft 51, and attempts to maintain the 
good S/N ratio of the displacement signal output from the 
displacement sensor 13. 
More specifically, the vibration characteristic measuring 

apparatus 1 includes a balancing signal generator 8 as shown 
in FIG. 3, and attempts to temporarily eliminate the unbal 
ance vibration at the time of measuring the response charac 
teristics of the rotating body. 
As shown in FIG. 2A, the balancing signal generator 8 

Successively generates forces for cancelling the centrifugal 
force acting on the mass concentrated point G by the magnetic 
force caused by the magnetic bearing 12 to cancel the dis 
placement toward the mass concentrated point G caused by 
the centrifugal force, thereby eliminating the unbalance 
vibration of the rotating body. 
As explained above, the vibration characteristic measuring 

apparatus 1 of this embodiment has a function of causing the 
balancing signal generator 8 shown in FIG. 3 to generate a 
signal for eliminating the unbalance vibration of the rotating 
body, and of inputting Such a signal into a current amplifier 11 
(see FIG. 3) that is a current supplier of this embodiment. The 
current amplifier 11 amplifies the input signal (the signal for 
eliminating the unbalance vibration) at a predetermined gain, 
and Supplies the amplified signal to the magnetic bearing 12. 

It is preferable that the current supplied to the magnetic 
bearing 12 from the current amplifier 11 should be a current 
having the input signal amplified by the predetermined gain 
and be synchronized with the input signal. According to this 
configuration, the magnetic bearing 12 to which the current is 
Supplied from the current amplifier 11 can generate magnetic 
force in accordance with the signal input to the current ampli 
fier 11. 
The current supplier is not limited to the current amplifier 

11 that supplies the current obtained by amplifying the input 
signal to the magnetic bearing 12 as long as it can Supply a 
current for generating magnetic force in accordance with the 
input signal to the magnetic bearing 12. 
The balancing signal generator 8 shown in FIG.3 includes 

a so-called two-phase oscillator, and the oscillation frequency 
thereof needs to be synchronized with the rotation frequency 
of the rotating body. Hence, a rotation pulse signal Rp indi 
cating the rotating speed of the rotating body is input into the 
balancing signal generator 8. For example, a configuration 
may be employed in which a rotating speed sensor (not 
shown) inputs, as the rotation pulse signal Rp, a result of 
measuring a rotation reference groove cut in the rotational 
shaft 51 to the balancing signal generator 8. 

Also, the balancing signal generator 8 is built with a phase 
locked loop circuit (a PLL circuit) having the input rotation 
pulse signal Rp as a reference signal, and is configured to 
oscillate a sine wave signal and a cosine wave signal synchro 
nized with the rotation frequency of the rotating body. The 
sine wave and the cosine wave oscillated by the PLL circuit 
are single frequency signals having phases which are differ 
ent by 90 degrees each other. 

Also, as shown in FIG. 3, a cancelling amplitude A and a 
phase Ph of the unbalance vibration are input into the balanc 
ing signal generator 8. The phase Ph is a phase between the 
rotation angle of the rotating body and rotation angle of the 
mass concentrated point G shown in FIG. 2A shifted by 180 
degrees. That is, it is an angle (indicated by 0b in FIG. 2A) 
delayed by 180 degrees from the rotation angle (indicated by 
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0a in FIG. 2A) of the mass concentrated point G when the 
rotating body is at a reference position (e.g., rotation angle 
“0” degrees). 
By setting the phase Ph delayed by 180 degrees from the 

rotation angle of the mass concentrated point G, it becomes 
possible to generate force in a direction for cancelling the 
centrifugal force acting on the mass concentrated point G. 

Also, the cancelling amplitude Am indicates the level of 
cancelling the centrifugal force acting on the mass concen 
trated point G. 
The cancelling amplitude Am and phase Ph can be 

obtained by, for example, an operator of the vibration char 
acteristic measuring apparatus 1 (see FIG. 1A), who mea 
sures the unbalance vibration caused by the rotating body of 
the multi-stage centrifugal compressor 50 (see FIG. 1A), and 
can be input through an input device (not shown) as numeric 
values. Next, when a configuration is employed in which a 
memory unit (not shown) stores the input cancelling ampli 
tude Am and phase Ph, the balancing signal generator 8 can 
read the cancelling amplitude Amand phase Phas needed to 
use those pieces of data. 
The balancing signal generator 8 combines the cancelling 

amplitude Am and phase Ph with the cosine wave signal and 
the sine wave signal oscillated by the PLL circuit, and gen 
erates, as indicated by the following formulae (1a) and (1b). 
an oscillation signal FX in the X-axis direction and an oscil 
lation signal Fy in the Y-axis direction as shown in FIG. 2A. 

(1a) 

(1b) 

where S2 is the rotation angle speed of the rotating body and 
t is a time. 

Also, the rotation angle speed S2 is a value calculated based 
on, for example, the input rotation pulse signal Rp. 
The balancing signal generator 8 generates the oscillation 

signals FX and Fy both having the amplitudes Am but the 
phases shifted by 90 degrees from each other in this manner. 

In this fashion, the balancing signal generator 8 generates 
the oscillation signal FX in the X-axis direction containing the 
cosine wave component (Am Cos(S2t+Ph)) and the oscilla 
tion signal Fy in the Y-axis direction containing the sine wave 
component (Am Sin(S2t+Ph)). 
The oscillation signals FX and Fy indicated by the formulae 

(1a)and (1b) are output from the balancing signal generator 8. 
and are input into an X amplifier 11X and a Yamplifier 11Y. 
respectively, of the current amplifier 11. 
The X amplifier 11X amplifies the input oscillation signal 

FX at a predetermined gain, and Supplies the amplified signal 
to the magnets 12X. Also, the Yamplifier 11Y amplifies the 
input oscillation signal Fy at a predetermined gain (e.g., the 
same gain as that of the X amplifier 11X), and Supplies the 
amplified signal to the magnets 12Y. The gains of the X 
amplifier 11X and the Y amplifier 11Y are preferably set 
depending on the characteristics of the magnetic bearing 12 
and the vibration characteristics of the rotating body, respec 
tively. 
When the currents output from the current amplifier 11 (the 

Xamplifier 11X and the Yamplifier 11Y) are supplied to the 
magnets 12X and the magnets 12Y, the currents having a 
signal (a synthesized oscillation signal FZ) synthesized in the 
X-axis direction and the Y-axis direction and amplified are 
Supplied to the magnetic bearing 12. The synthesized oscil 
lation signal FZ can be expressed by the following formula (2) 
using the complex number representation. 

Fz=Fx-jFy=Ame(*) (2) 

where j is an imaginary number unit. 
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It is clear from the formula (2) that the synthesized oscil 
lation signal FZ is a signal oscillating circularly with a radius 
of Am overa complex plane together with the advancement of 
the time t. Hence, when the magnets 12X and 12Y disposed 
around the rotating body by the magnetic bearing 12 and 
orthogonal to one another generate respective magnetic 
forces in accordance with the oscillation signals FX and Fy, 
the synthesized magnetic force is synchronized with the rota 
tion of the rotating body and oscillates circularly around the 
rotation center of the rotating body. 

Also, the force (hereinafter, referred to as unbalance force), 
which is generated by the unbalance vibration and displaces 
the rotating body, also oscillates circularly around the rotation 
center of the rotating body in Synchronization with the rota 
tion of the rotating body. The unbalance force is generated by 
the centrifugal force acting on the mass concentrated point G 
shown in FIG. 2A, and the phases Ph of the oscillation signals 
Fx and Fy correspond to an angle delayed by 180 degrees 
from the rotation angle of the mass concentrated point G. 
Accordingly, the unbalance vibration of the rotating body can 
be eliminated by the magnetic force generated by the mag 
netic bearing 12 to which the cosine wave current and the sine 
wave current generated by amplifying the oscillation signals 
Fx and Fy are supplied. 

That is, the synthesized oscillation signal FZ is a vibration 
eliminating signal containing the cosine wave component 
(Am Cos(S2t+Ph)) as a component for eliminating the vibra 
tion in the X-axis direction and the sine wave component 
(Am Sin(S2t+Ph)) as a component for eliminating the vibra 
tion in the Y-axis direction. 

The balancing signal generator 8 generates the oscillation 
signals FX and Fy in this manner, and further generates the 
synthesized oscillation signal (the vibration eliminating sig 
nal) FZ by synthesizing the oscillation signals FX and Fy, 
thereby eliminating the unbalance vibration of the rotating 
body. 

Also, the vibration characteristic measuring apparatus 1 
includes an excitation response analyzer 9 shown in FIG. 3. 
The excitation response analyzer 9 generates excitation sig 
nals EX and Ey for applying vibrations to the rotating body. 
The excitation signal EX is a signal to apply vibration to the 
rotating body in the X-axis direction, and the excitation signal 
Ey is a signal to apply vibration to the rotating body in the 
Y-axis direction. A signal containing at least one of the exci 
tation signals EX and Ey as a component is referred to as an 
excitation control signal. 

According to this configuration, the excitation signal EX is 
a component (a first direction excitation component) of the 
excitation control signal that applies vibration to the rotating 
body in the X-axis direction, and the excitation signal Ey is a 
component (a second direction excitation component) of the 
excitation control signal that applies vibration to the rotating 
body in the Y-axis direction. 

The excitation response analyzer 9 of this embodiment 
outputs, for example, sine wave signals with arbitrary ampli 
tudes as the excitation signal EX in the X-axis direction and 
the excitation signal Ey in the Y-axis direction while changing 
the periods, and inputs those signals into the X amplifier 11X 
and the Yamplifier 11Y of the current amplifier 11, respec 
tively. 
When a current obtained by amplifying the excitation sig 

nal Ex that is the sine wave signal by the X amplifier 11X is 
Supplied to the magnets 12X, vibration is applied to the rotat 
ing body in the X-axis direction. Also, when a current 
obtained by amplifying the excitation signal Ey that is the sine 
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10 
wave signal by the Yamplifier 11Y is supplied to the magnets 
12Y, vibration is applied to the rotating body in the Y-axis 
direction. 

Also, a displacement signal indicating the displacement of 
the rotating body measured by the displacement sensor 13 is 
input into the excitation response analyzer 9. The X displace 
ment sensor 13X measures the displacement of the rotating 
body in the X-axis direction, and inputs, as an X displacement 
signal MX, the measurement result into the excitation 
response analyzer 9, and the Y displacement sensor 13Y 
measures the displacement of the rotating body in the Y-axis 
direction and inputs, as a Y displacement signal My, the 
measurement result into the excitation response analyzer 9. 
When the excitation signal Ex in the X-axis direction is a 

sine wave signal, the excitation response analyzer 9 outputs 
the excitation signal Ex while changing the period along with 
the advancement of the time, and obtains data on the displace 
ment of the rotating body in the X-axis direction based on the 
X displacement signal MX input into the excitation response 
analyzer 9. Thereafter, the response characteristics (the fre 
quency characteristics) of the rotating body in the X-axis 
direction relative to the excitation signal Ex (the sine wave 
signal) is measured. 

Likewise, when the excitation signal Ey in the Y-axis direc 
tion is a sine wave signal, the excitation response analyzer 9 
outputs the excitation signal Ey while changing the period 
along with the advancement of the time, and obtains data on 
the displacement of the rotating body in the Y-axis direction 
based on the Y displacement signal My input into the excita 
tion response analyzer 9. Thereafter, the response character 
istics (the frequency characteristics) of the rotating body in 
the Y-axis direction relative to the excitation signal Ey (the 
sine wave signal) is measured. 

In this fashion, the excitation response analyzer 9 measures 
the response characteristics of the output (the X displacement 
signal MX and the Y displacement signal My) of the rotating 
body relative to the input (the excitation signal Ex in the 
X-axis direction and the excitation signal Ey in the Y-axis 
direction) to the rotating body. 

For example, as shown in FIG. 4A, in order to measure the 
response characteristics in the X-axis direction, when the 
excitation response analyzer 9 applies vibration to the rotat 
ing body in the X-axis direction, while vibration is applied 
(during an excitation period), the displacement in the X-axis 
direction, i.e., the amplitude changes in accordance with the 
change in the period of the excitation signal EX in the X-axis 
direction, and the response characteristics which becomes the 
maximum amplitude at a specific frequency can be obtained. 

However, since the unbalance vibration is generated by the 
rotating body while vibration is applied, the amplitude of the 
forced vibration caused by the excitation is Superimposed on 
the amplitude of the unbalance vibration. Also, the vibration 
amplitude of the rotating body subjected to the forced vibra 
tion becomes larger than that of the rotating body to which no 
vibration is applied. Hence, the vibration amplitude that can 
be produced at the rotating body by the excitation is restricted 
within the range of the first margin from the amplitude of the 
unbalance vibration to the allowable value as shown in FIG. 
2B (again shown in FIG. 5 as (conventional example)). 

That is, as is shown by (conventional example) in FIG. 5, 
with reference to the amplitude of an unbalance vibration V1, 
the amplitude of a forced vibration V2 appears as the increase 
from the reference vibration amplitude. Hence, the amplitude 
of the forced vibration V2 is limited to the amplitude corre 
sponding to the first margin from the reference vibration 
amplitude (the amplitude of the unbalance vibration V1) to 
the allowable value. This restricts the vibration amplitude 
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generated by applying vibration to the rotating body to be 
Small. That is, it is limited in Such a way that the maximum 
amplitude of the forced vibration V2 becomes small and the 
S/N ratio of the X displacement signal MX output from the X 
displacement sensor 13X measuring the maximum amplitude 
becomes poor. Accordingly, the quality of the data on the 
displacement in the X-axis direction obtained by the excita 
tion response analyzer 9 becomes poor. The quality of data on 
the displacement in the Y-axis direction becomes also poor. 

Hence, the vibration characteristic measuring apparatus 1 
(see FIG.1A) includes, as shown in FIG.3, an adder 7a which 
adds the oscillation signal FX to the excitation signal EX, and 
adds the oscillation signal Fy to the excitation signal Ey. 
According to this embodiment, the balancing signal genera 
tor 8, the excitation response analyzer 9, and the adder 7a 
function are included as an excitation controller 7 of the 
vibration characteristic measuring apparatus 1. 
When measuring the response characteristics of the rotat 

ing body, the vibration characteristic measuring apparatus 1 
causes the excitation response analyzer 9 of the excitation 
controller 7 to generate the excitation control signal, and 
causes the balancing signal generator 8 to generate the vibra 
tion eliminating signal. Also, the adder 7a generates an addi 
tion signal ADDX obtained by adding the oscillation signal FX 
in the X-axis direction of the vibration eliminating signal to 
the excitation signal Ex in the X-axis direction of the excita 
tion control signal. Likewise, the adder 7a generates an addi 
tion signal ADDy obtained by adding the oscillation signal Fy 
in the Y-axis direction of the vibration eliminating signal to 
the excitation signal Ey in the Y-axis direction of the excita 
tion control signal. 

The addition signal ADDX is input into the X amplifier 
11X, and a current that is the addition signal ADDxamplified 
by the X amplifier 11X is supplied to the magnets 12X (see 
FIG. 1B) of the magnetic bearing 12. 

Also, the addition signal ADDy is input into the Yamplifier 
11Y. and a current that is the addition signal ADDyamplified 
by the Yamplifier 11Y is supplied to the magnets 12Y (see 
FIG. 1B) of the magnetic bearing 12. 

That is, the excitation controller 7 outputs a signal (here 
inafter, referred to as a rotating body control signal) obtained 
by adding the vibration eliminating signal (the synthesized 
oscillation signal FZ) to the excitation control signal. 
The rotating body control signal is a synthesized signal 

containing the addition signal ADDX which contains a com 
ponent obtained by adding the cosine wave component of the 
vibration eliminating signal to the first direction excitation 
component of the excitation control signal, and the addition 
signal ADDy which contains a component obtained by add 
ing the sine wave component of the vibration eliminating 
signal to the second direction excitation component of the 
excitation control signal. 
The addition signal ADDX is obtained by adding the oscil 

lation signal FX in the X-axis direction to the excitation signal 
EX, and contains the component of the oscillation signal FX in 
the X-axis direction of the rotating body, and the component 
of the excitation signal EX in the X-axis direction. 

Also, the addition signal ADDy is obtained by adding the 
oscillation signal Fy in the Y-axis direction to the excitation 
signal Ey, and contains the component of the oscillation sig 
nal Fy in the Y-axis direction of the rotating body and the 
component of the excitation signal Ey in the Y-axis direction. 

Hence, the rotating body control signal containing the 
addition signals ADDX and ADDy as components is a signal 
containing a component of the oscillation signal FX in the 
X-axis direction, a component of the oscillation signal Fy in 
the Y-axis direction, a component of the excitation signal EX 
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in the X-axis direction, and a component of the excitation 
signal Ey in the Y-axis direction. When a current having the 
rotating body control signal amplified by the current amplifier 
11 is Supplied to the magnetic bearing 12, a current containing 
the component of the oscillation signal FX in the X-axis 
direction, the component of the oscillation signal Fy in the 
Y-axis direction, the component of the excitation signal EX in 
the X-axis direction, and the component of the excitation 
signal Ey in the Y-axis direction is Supplied to the magnetic 
bearing 12. 

According to this configuration, during an excitation 
period, the unbalance vibration of the rotating body is elimi 
nated by the components of the oscillation signals FX and Fy 
in the current Supplied to the magnetic bearing 12, and vibra 
tions are applied to the rotating body in the X-axis direction 
and the Y-axis direction by the components of the excitation 
signals Ex and Ey. Hence, as shown in FIG. 4B, no unbalance 
vibration occurs in the X-axis direction during the excitation 
period, and only the forced vibration by caused the applica 
tion of vibrations occurs. The vibration amplitude of the 
rotating body in the X-axis direction becomes that of the 
forced vibration. Also, it is not illustrated in the figure but no 
unbalance vibration in the Y-axis direction occurs, and only 
the forced vibration caused by the application of vibrations 
occurs. The vibration amplitude of the rotating body in the 
Y-axis direction becomes that of the forced vibration. 

Hence, the X displacement sensor 13X (see FIG. 3) mea 
sures only the amplitude of the forced vibration in the X-axis 
direction, and inputs, as the X displacement signal MX (see 
FIG. 3), the measurement result into the excitation response 
analyzer 9 (see FIG.3). Likewise, the Y displacement sensor 
13Y (see FIG. 3) measures only the amplitude of the forced 
vibration in the Y-axis direction, and inputs, as the Y displace 
ment signal My (see FIG. 3), the measurement result into the 
excitation response analyzer 9 (see FIG. 3). 

That is, as is indicated as "embodiment” in FIG. 5, a con 
dition in which no amplitude of the unbalance vibration is 
present, i.e., a condition that the amplitude is “0” can be a 
reference, and the amplitude of the forced vibration V2 
appears as the increase from “0”. Hence, it is appropriate if 
the amplitude of the forced vibration V2 is within a range of 
an amplitude corresponding to a margin (the second margin) 
from “0” to the allowable value, and thus the range of the 
vibration amplitude generated by applying vibration to the 
rotating body can be extended. Also, the maximum amplitude 
of the forced vibration V2 can be extended up to a vibration 
amplitude corresponding to the second margin from “0” to the 
allowable value, and thus the X displacement sensor 13X (see 
FIG. 3) measuring the maximum amplitude can output the X 
displacement signal Mx (see FIG. 3) with a good S/N ratio. 
Likewise, the Y displacement sensor 13Y (see FIG. 3) mea 
Suring the maximum amplitude can output the Y displace 
ment signal My (see FIG. 3) with a good S/N ratio. 

Accordingly, the quality of the data on the displacement in 
the X-axis direction and that of data on the displacement in 
the Y-axis direction both obtained by the excitation response 
analyzer 9 can be improved. 
The vibration characteristic measuring apparatus 1 can 

employ a configuration of measuring independently the 
response characteristics of the rotating body of the multi 
stage centrifugal compressor 50 (see FIG. 1A) in the X-axis 
direction and the response characteristics in the Y-axis direc 
tion. 

For example, when the response characteristics in the 
X-axis direction is independently measured, the excitation 
response analyzer 9 inputs the addition signal ADDX obtained 
by adding the oscillation signal FX in the X-axis direction 
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output from the balancing signal generator 8 and the excita 
tion signal EX in the X-axis direction output from the excita 
tion response analyzer 9 to the X amplifier 11X. 

Also, the oscillation signal Fy in the Y-axis direction output 
from the balancing signal generator 8 is input into the Y 
amplifier 11Y. That is, the addition signal ADDy that nulls the 
excitation signal Ey in the Y-axis direction is input into the Y 
amplifier 11Y. 

At this time, a current containing the component of the 
oscillation signal FX in the X-axis direction, the component of 
the oscillation signal Fy in the Y-axis direction, and the com 
ponent of the excitation signal EX in the X-axis direction is 
Supplied to the magnetic bearing 12. 

Next, the X displacement sensor 13X (see FIG. 3) mea 
Sures the displacement of the rotating body in the X-axis 
direction, and inputs the X displacement signal Mx (see FIG. 
3) into the excitation response analyzer 9 (see FIG. 3). 
The rotating body has the unbalance vibration in the X-axis 

direction eliminated by the component of the oscillation sig 
nal FX in the X-axis direction in the current supplied to the 
magnetic bearing 12, and the X displacement sensor 13X 
becomes able to measure the vibration amplitude of the rotat 
ing body vibrated by the application of vibration. 

Likewise, the excitation response analyzer 9 inputs the 
addition signal ADDy obtained by adding the oscillation sig 
nal Fy in the Y-axis direction output from the balancing signal 
generator 8 to the excitation signal Ey in the Y-axis direction 
output from the excitation response analyzer 9 into the Y 
amplifier 11Y. Also, the addition signal ADDX that nulls the 
excitation signal EX in the X-axis direction is input into the X 
amplifier 11X. This makes it possible for the Y displacement 
sensor 13Y (see FIG. 3) to measure the displacement of the 
rotating body in the Y-axis direction. 
The rotating body has the unbalance vibration in the Y-axis 

direction eliminated by the component of the oscillation sig 
nal Fy in the Y-axis direction in the current supplied to the 
magnetic bearing 12, and the Y displacement sensor 13Y 
becomes able to measure the vibration amplitude of the rotat 
ing body vibrated by the application of vibration. 
As explained above, a configuration may be employed 

which independently measure the response characteristics of 
the rotating body in the X-axis direction and the response 
characteristics in the Y-axis direction. 
As explained above, according to the vibration character 

istic measuring apparatus 1 (see FIG. 1A) of this embodi 
ment, when the response characteristics of the rotating body 
(the rotational shaft 51 (see FIG. 1A) and the centrifugal 
impeller 53 (see FIG. 1A) of the multi-stage centrifugal 
compressor 50 (see FIG. 1A) are measured, the oscillation 
signals FX and Fy generated by the balancing signal generator 
8 (see FIG. 3) are added to the excitation signals Ex and Ey 
generated by the excitation response analyzer 9 (see FIG. 3) 
by the adder 7a (see FIG. 3), and the addition signal ADDX 
(see FIG. 3) containing the component of the oscillation 
signal FX in the X-axis direction and the component of the 
excitation signal EX in the X-axis direction, and the addition 
signal ADDy (see FIG. 3) containing the component of the 
oscillation signal Fy in the Y-axis direction and the compo 
nent of the excitation signal Ey in the Y-axis direction are 
generated. 
The addition signals ADDX and ADDy are input into the 

current amplifier 11 (the X amplifier 11X (see FIG.3) and the 
Y amplifier 11Y (see FIG. 3)) as the output signals by the 
excitation controller 7 (see FIG. 3). 
The X amplifier 11X supplies the current obtained by 

amplifying the addition signal ADDX into the magnets 12X 
(see FIG. 3) of the magnetic bearing 12, and the Yamplifier 
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11Y supplies the current obtained by amplifying the addition 
signal ADDy into the magnets 12Y (see FIG. 3) of the mag 
netic bearing 12. 
The rotating body has the unbalance vibration eliminated 

by the component of the oscillation signal FX in the X-axis 
direction contained in the current Supplied to the magnets 
12X (see FIG. 3), and the component of the oscillation signal 
Fy in the Y-axis direction contained in the current supplied to 
the magnets 12Y (see FIG.3). Also, vibrations are applied by 
the component of the excitation signal EX in the X-axis direc 
tion contained in the current Supplied to the magnets 12X and 
the component of the excitation signal Ey in the Y-axis direc 
tion contained in the current Supplied to the magnets 12Y. 

According to this configuration, when the vibration char 
acteristic measuring apparatus 1 (see FIG. 1A) measures the 
response characteristics of the rotating body of the multi 
stage centrifugal compressor 50 (see FIG. 1A), it becomes 
possible to eliminate the unbalance vibration of the rotating 
body. This makes the allowable range of the amplitude of the 
forced vibration by the excitation expanded, thereby improv 
ingrespective S/N ratios of the X displacement signal MX and 
the Y displacement signal My output from the displacement 
sensor 13 (the X displacement sensor 13X (see FIG.3) and the 
Y displacement sensor 13Y (see FIG.3)). Also, the excitation 
response analyzer 9 (see FIG. 3) becomes able to obtain 
high-quality data on the displacement in the X-axis direction 
and high-quality data on the displacement in the Y-axis direc 
tion. 

Furthermore, since the quality of obtained data is high and 
the response characteristics of the rotating body can be evalu 
ated with little data, the time necessary for obtaining pieces of 
data can be reduced. Also, the number of processes to obtain 
pieces of data can be reduced, and thus reducing the energy 
consumption. 
The excitation signals EX and Ey may be, for example, 

random signals and pulse signals instead of the above-ex 
plained sine wave signals. 
When the excitation response analyzer 9 generates an exci 

tation signal other than the sine wave signal, a configuration 
can be employed in which the rotating body control signal 
obtained by adding the component of the excitation signal 
(the first direction excitation component and the second 
direction excitation component) to the component (a cosine 
wave component and a sine wave component) of the oscilla 
tion signal is amplified by the current amplifier 11 (see FIG. 
3) and the obtained currentis Supplied to the magnetic bearing 
12 (see FIG. 3). 

Also, in order to evaluate the stability of the rotating body, 
there is a technique for analyzing the vibration waveform of 
the rotating body and identifying a system parameter. For 
example, vibration is applied to the rotating body by the 
excitation signal containing the sine wave component of a 
frequency causing the rotating body to generate vibration at a 
natural frequency, and the excitation signal is instantaneously 
cut off when the rotating body is in a resonant condition to 
identify the system parameter based on a free vibration wave 
form (regarding the detail of the system identification, see, for 
example, Shuichi ADACHI, "System Identification for a 
Control based on MATLAB, 1996, Tokyo Denki University 
Press). 

In the case of the technique for identifying the system 
parameter in this fashion, a current obtained by amplifying, 
by the current amplifier 11 (see FIG. 3), the rotating body 
control signal obtained by adding the excitation signal which 
causes the rotating body to vibrate at a natural frequency to 
the oscillation signal can Supplied to the magnetic bearing 12 
(see FIG. 3). Also, after the excitation signal is cut off, while 
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the rotating body is freely vibrating, when the currents 
obtained by amplifying the oscillation signals FX and Fy by 
the current amplifier 11 are Supplied to the magnetic bearing 
12, the displacement sensor 13 (see FIG. 3) can measure the 
displacement of the rotating body freely vibrating without 
being affected by the unbalance vibration. 
As an example of the modified vibration characteristic 

measuring apparatus 1, for example, as shown in FIG. 6, the 
excitation controller 7 having an excitation signal cutoff 
device 10 that cuts off respective outputs of the addition 
signals ADDX and ADDy output from the adder 7a may be 
employed. 
The X displacement signal Mx output from the X displace 

ment sensor 13X and the Y displacement signal My output 
from the Y displacement sensor 13Y are input into the exci 
tation signal cutoff device 10. 

The excitation signal cutoff device 10 is configured to cut 
off the output of the addition signals ADDX and ADDy when 
at least one of the displacement of the rotating body in the 
X-axis direction calculated based on the X displacement sig 
nal Mx and the displacement of the rotating body in the Y-axis 
direction calculated based on the Y displacement signal My 
exceeds a predetermined threshold. 

According to this configuration, for example, when the 
displacement in the X-axis direction or the displacement in 
the Y-axis direction exceeds the predetermined threshold by 
the excitation by respective components of the excitation 
signals Ex and Ey in the addition signals ADDX and ADDy, 
i.e., the vibration amplitude of the rotating body exceeds the 
allowable value, the supply of the currents those are the 
addition signals ADDX and ADDy amplified by the current 
amplifier 11 to the magnetic bearing 12 is cut off. Hence, the 
vibration the rotating body can be converged at the amplitude 
exceeding the allowable value, and for example, it is possible 
to prevent the sealing mechanisms 55 (see FIG. 1A) from 
being damaged. 

It is not illustrated in the figure but if the excitation signal 
cutoff device 10 is disposed between the excitation response 
analyzer 9 and the adder 7a, when the vibration amplitude of 
the rotating body exceeds the allowable value, the input of the 
excitation signals EX and Ey output from the excitation 
response analyzer 9 into the adder 7a can be cut off. Hence, 
only the oscillation signals FX and Fy are output from the 
excitation controller 7, and currents those are the oscillation 
signals FX and Fy amplified by the current amplifier 11 are 
Supplied to the magnetic bearing 12. 

According to this configuration, the vibration at the ampli 
tude exceeding the allowable value and generated by the 
rotating body can be further rapidly converged. 
What is claimed is: 
1. An apparatus for measuring vibration characteristics, 

comprising: 
a magnetic bearing that generates a magnetic force on a 

rotating body of a rotating machine in a non-contact 
manner, 

a measuring device that measures a vibration when the 
rotating body is vibrated: 

a current Supplier that Supplies a current to the magnetic 
bearing; and 

an excitation controller which outputs an excitation control 
signal for controlling the magnetic bearing to apply 
vibration to the rotating body, and which measures a 
response characteristics of the vibration of the rotating 
body to the excitation control signal based on the vibra 
tion measured by the measuring device, wherein 

the excitation controller 
takes a cosine wave component of which phase delays by 

180 degrees with respect to a rotation of a mass concen 
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16 
trated point at a same period as a rotation period of the 
rotating body as a component for eliminating vibration 
of the rotating body in a first direction orthogonal to a 
direction of an axial line of the rotating body, 

generates a vibration eliminating signal containing a sine 
wave component of which phase delays by 180 degrees 
with respect to the rotation of the mass concentrated 
point at the same period as the rotation period of the 
rotating body as a component for eliminating vibration 
of the rotating body in a second direction orthogonal to 
the axial line direction and the first direction, 

generates the excitation control signal containing a first 
direction excitation component for applying vibration to 
the rotating body in the first direction and a second 
direction excitation component for applying vibration to 
the rotating body in the second direction, and 

generates and outputs a rotating body control signal by 
adding the cosine wave component to the first direction 
excitation component and adding the sine wave compo 
nent to the second direction excitation component, and 
wherein 

the current Supplier Supplies a current that generates mag 
netic force in accordance with the rotating body control 
signal to the magnetic bearing, and sets the vibration 
eliminating signal corresponding to a size of a mass at 
the mass concentrated point and a phase of the mass 
concentrated point when the rotating body is modeled, 
when the excitation controller measures the response 
characteristics to eliminate unbalance vibration gener 
ated by the magnetic bearing during a rotation of the 
rotating body. 

2. The apparatus according to claim 1, wherein the excita 
tion controller comprises an excitation signal cutoff device 
that cuts off an output of the rotating body control signal when 
the vibration amplitude measured by the measuring device 
exceeds a predetermined allowable value. 

3. A method for measuring vibration characteristics 
executed by a vibration characteristic measuring apparatus, 
the apparatus including: 

a magnetic bearing that generates a magnetic force on a 
rotating body of a rotating machine in a non-contact 
manner, 

a measuring device that measures an vibration when the 
rotating body is vibrated; and 

an excitation controller which outputs an excitation control 
signal for controlling the magnetic bearing to apply 
vibration to the rotating body and a vibration eliminating 
signal for eliminating unbalance vibration generated 
when the rotating body rotates, and which measures a 
response characteristics of the vibration of the rotating 
body to the excitation control signal based on the vibra 
tion measured by the measuring device, 

the method comprising steps of 
generating the vibration eliminating signal to synthesizing 

a cosine wave component of which phase delays by 180 
degrees with respect to a rotation of a mass concentrated 
point when the rotating body is modeled with a sine 
wave component of which phase delays by 180 degrees 
with respect to the rotation of the mass concentrated 
point when the rotating body is modeled at a same period 
as a rotation period of the rotating body; 

adding the excitation control signal to the vibration elimi 
nating signal to generate a rotating body control signal; 
and 

measuring the vibration when a current that generates mag 
netic force in response to the rotating body control signal 
is Supplied to the magnetic bearing. 
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